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To promote the utilization efficiency of coal resources, and to assist with the control of sulphur during gasifica- 
tion and/or downstream processes, it is essential to gain basic knowledge of sulphur transformation associated 
with gasification performance. In this research we investigated the influence of O,/C molar ratio both on gasifica- 
tion performance and sulphur transformation of a low rank coal, and the sulphur transformation mechanism was 
also discussed. Experiments were performed in a circulating fluidized bed gasifier with O/C molar ratio ranging 
from 0.39 to 0.78 mol/mol. The results showed that increasing the O,/C molar ratio from 0.39 to 0.78 mol/mol 
can increase carbon conversion from 57.65% to 91.92%, and increase sulphur release ratio from 29.66% to 
63.11%. The increase of O./C molar ratio favors the formation of H,S, and also favors the retained sulphur trans- 
forming to more stable forms. Due to the reducing conditions of coal gasification, HS is the main form of the re- 
leased sulphur, which could be formed by decomposition of pyrite and by secondary reactions. Bottom char 
shows lower sulphur content than fly ash, and mainly exist as sulphates. X-ray photoelectron spectroscopy (XPS) 
measurements also show that the intensity of pyrite declines and the intensity of sulphates increases for fly ash 
and bottom char, and the change is more obvious for bottom char. During CFB gasification process, bigger char 


particles circulate in the system and have longer residence time for further reaction, which favors the release of 


sulphur species and can enhance the retained sulphur transforming to more stable forms. 
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Introduction 


Coal will remain one of the top energy resources for 
the foreseeable future. A promising and highly efficient 
way of utilizing low rank coal is gasification technology, 
and it has attracted considerable interest in recent years 
(31 However, the gasification of coal is also associated 
with some problems regarding both the environment and 
the plant system 4", 

Sulphur is one of the most important heteroatoms in 
coal, which has a major impact on coal gasification either 
as fuel gas or as raw material for the formation of differ- 
ent products '“!, Generally, there are organic sulphur and 
inorganic sulphur compounds in coal, and the amount of 
sulphur does not depend on coal rank but the origin of 


coal. During gasification process, some sulphur present 
in coal might pass to the gas phase, and the environmen- 
tal implications should be carefully evaluated because 
many countries impose emission limits to minimize the 
impact on the environment m, Moreover, sulphur in coal 
may cause the formation of compounds in fuel gas that 
could give rise to corrosion and to deposition, hence in- 
creasing maintenance costs 17 8}: Therefore, the process 
and environmental control mechanisms of coal gasifica- 
tion are getting increasingly important for the provision 
of cheap, clean and reliable energy. 

Sulphur transformation can be influenced by several 
parameters such as fuel property, temperature, pressure, 
heating rate and so on [57-1] Till now, some researchers 
have studied the effects of these parameters on sulphur 


transformation through experimental and theoretical me- 
thods with different feedstocks. Pinto et al.'”!and Khan et 
al.” reported that higher temperatures can increase the 
release of sulphur. But this varying trend is not always 
accurate for biomass gasification ”!. Blasing et al.'*! 
found that the release of sulphur species is greatly influ- 
enced by the amount of hydrogen and volatiles during 
devolatilization process, and the release amount is in 
high positive correlation with the sulphur content of the 
feedstock. However, Middleton et al.!'" stated that the 
sulphur release ratio is proportional to the conversion of 
coal into the gas phase during the gasification process. 
Taking into account the complicated nature of coal and 
some contradictory statements mentioned in literatures, 
there are still several scientific problems connected di- 
rectly to the question of the sulphur transformation dur- 
ing gasification process. 

Circulating fluidized bed (CFB) gasification is a 
promising gasification technology, which usually oper- 
ates at moderate temperatures and can achieve desulphu- 
rization within gasifier. In recent years, great attention 
has been focused either on gasification performance of 
CFB, or on the sulphur transformation property 6, 
Rarely little research has been done on both of them. 
From viewpoints of environmental protection and pro- 
cess optimization, it is essential to gain intimate know- 
ledge of the sulphur transformation associated with gasi- 
fication performance. More important, the transformation 
of sulphur may be controlled during gasification process 
by adjusting experimental conditions and/or by using the 
advantages of CFB gasifier. 

The aim of this work is to study the influence of O/C 
molar ratio on gasification performance and sulphur 
transformation of a low rank coal. The experiments were 
carried out in a lab-scale CFB gasifier with air as gasify- 
ing agent. The sulphur forms and contents of raw coal 
and gasification residuals were analyzed by chemical 
analysis methods. X-ray photoelectron spectroscopy 
(XPS) was used for qualitative determination of the ma- 
jor forms of sulfur in raw coal and gasification residuals, 
and it is especially valuable to reveal the transformation 
of various sulphur forms. 


Experimental Section 


Test rig 


Fig.l shows a schematic diagram of the lab-scale test 
rig used in this study. The whole system consists of a 
CFB gasifier, a coal feeding system, an air supply system 


and an auxiliary system. The riser of the CFB gasifier is 
100 mm in diameter and 4300 mm in height, which is 
connected with a cyclone and a loop seal to form a circu- 
lating route. Coal is supplied via a screw feeder from the 
hopper into the riser, and the coal feeding port is ap- 
proximately 400 mm higher than the blast cap. Air is 
supplied by an air compressor, and the flows for the riser 
and the loop seal are individually controlled by mass 
flow controllers. Nitrogen is supplied by cylinders and 
used to cool the gasifier at the end stage of experiments. 
Temperature measuring ports and pressure drop measur- 
ing ports are placed along the height of the riser and fuel 
gas pipe. There are twelve thermocouples in the test rig, 
and five of them are in the riser with height of 50, 250, 
400, 2750 and 4300 mm, individually. There are two gas 
sampling ports at the downstream of the second ash col- 
lection tank. 


1, coal screw feeder; 2, riser; 3, cyclone; 4, loop seal; 5, the first 
ash collection tank; 6, air heater; 7, water cooler; 8, the second 
ash collection tank; 9, bag filter; 10, gas analyzer; 11, gas sam- 
pling port; 12, char sampling port; 13, Nz cylinder; 14, air com- 
pressor; 15, water tank. 


Fig. 1 Schematic diagram of the test rig. 


Experimental Materials 


Shenmu coal from Shannxi Province of China was 
used for the experiments. The diameter of the coal par- 
ticles is smaller than 1mm, with a mean particle size dso 
of 0.65 mm. The coal was analyzed according to the 
Chinese standards of GB/T212-2008, GB/T 214-2007, 
GB/T 476-2008, GB/T 19227-2008 and GB/T 213-2008, 
and the proximate, ultimate and net calorific value analy- 
sis results are listed in Table 1. The ash composition of 
Shenmu coal was analyzed according to the Chinese 
standard of GB/T 1574-2007, and the results are listed in 
Table 2. Quartz sand with a diameter ranging from 0.1-1 
mm was used as bed material. 


Table 1 Ultimate, proximate and net calorific value analysis of Shenmu coal 


Ultimate analysis (wt %) Proximate analysis (wt %) Qadnet 
Caa Haa Oaa Naa Saa Maa Aaa Vaa FCaa (MJ/kg) 
71.86 4.15 11.05 0.88 0.36 6.90 4.80 32.79 55.51 27.89 


ad, air-dried basis; Quanet, net calorific value of coal with air-dried basis. 
Table 2 Ash composition of Shenmu coal 


SiO, ALO; Fe20; CaO MgO 


TiO, SO; P20; KO NaO 


29.32 13.37 10.96 31.59 1.08 


Experimental Procedure and Sample Characteristics 


At the beginning of each experiment, quartz sand was 
added to the gasifier, air was then supplied to fluidize the 
quartz sand, and the electric heating device was turned on 
to heat the system. When the temperature exceeded 
500°C, coal was continuously fed to the riser. As the 
temperature reached the demand of coal gasification, the 
flow of air and the coal feeding rate were adjusted to give 
the desired oxygen/carbon (defined as O2/C) molar ratios. 
All the gasification experiments were performed with the 
same air flow rate of 22.32 Nm*/h but with different coal 
feeding rates. The coal feeding rates used in this study 
were 9, 8.3, 5.5 and 4.5kg/h, corresponding to O/C mo- 
lar ratio of 0.39, 0.42, 0.64 and 0.78 mol/mol, respec- 
tively. At least two sets of runs were repeated at the same 
experimental conditions, and good reproducibility of 
experimental results were obtained. 

The CFB gasification produces solid byproducts, de- 
fined as gasification residuals. Bigger char particles are 
recovered by the cyclone and then are transferred to riser 
again by the loop seal for further reaction or heat transfer, 
but smaller particulate matter goes through cyclone to the 
downstream. For each run, bigger char sample was ob- 
tained from the loop seal, defined as bottom char, and 
smaller particulate sample was obtained from the first ash 
collection tank, defined as fly ash. 

Sulphur contents of gasification residuals were deter- 
mined according to GB/T 214-2007. Sulphur forms of 
Shenmu coal and gasification residuals were analyzed by 
classical wet chemical method according to GB/T 
215-2013 and by XPS. XPS is a non-destructive method 
to study the surface composition of the samples, which 
has the potential to determine a few elements simulta- 
neously |!” '*!, In this study, XPS measurements were 
performed by a VG Scientific ESCALAB 250Xi spec- 
trometer (Thermoelectricity Instruments, USA) with Al 
Ka X-ray as the light source. The spectra were smoothed 
and shirley background was subtracted. The calibration 
was carried out to the main C Is peak at 284.6 eV. The 
gas compositions were measured via a gas chromato- 
graph (Agilent GC 3000). The reproducibility of analyz- 
ing results was checked and a good agreement of data 
was obtained, as experimental errors were always lower 
than 5%. Each gas composition and sulphur content was 
the average value of at least two trials. 


0.59 11.00 0.21 0.43 1.45 


Results and Discussion 


Gasification Performance 


O/C molar ratio is one of the most important operat- 
ing variables affecting the gasification performance of 
coal. In this study, the O/C molar ratio was adjusted by 
changing the coal feeding rates while maintaining air 
flow rate constant, in order to achieve a smaller effect on 
residence time. The selected air flow rate guaranteed a 
good bed fluidization even for the highest coal feeding 
rate. 

Fig. 2 shows the temperature profiles of the CFB riser 
for all experiments carried out in this study. The temper- 
atures are the average value during the gasification 
process. As depicted in Fig. 2, all the temperature profiles 
show the same variation trend that first increase and then 
decrease with the increase of riser height, which agree 
with the results reported by others |'* '®!. The phenome- 
non of temperature varying over the height of riser can be 
explained by reactions occurred in the system, structure 
characteristics of the test rig, and the heat loss of the sys- 
tem. The main reactions occur in the system are written 
in Table 3 l* 1%]. At the bottom of the riser, air is intro- 
duced into the system, and a low temperature zone is 
formed because of the relatively lower temperature of air. 
However, due to the intensified mixing and reactions, the 
temperature increases significantly and reaches the 
maximum value at the height of 400 mm (T3). Where 
fresh coal is supplied to the riser and the bigger char par- 
ticles are transferred to riser again, the exothermic reac- 
tions of R1 and R2 predominate over the positive contri- 
butions for temperature increase, considering the elevated 
concentrations of carbon and oxygen. In upper section of 
the riser, the temperature drops slightly along the height 
of the riser, which can be interpreted by the heat loss and 
the energy-consuming reactions occurred in the system, 
like R7, R8, as well as pyrolysis and gasification of en- 
trained coal particles. With the increase of O/C molar 
ratio, less coal is supplied to the system and oxygen is 
correspondingly sufficient to enhance the oxidation or 
partial oxidation of coal and the produced flue gas, and 
the system temperature becomes higher as illustrated in 
Fig.2. 

The influence of the O,/C molar ratio on the gas com- 
position and the gas heat value was exhibited in Fig.3. It 
can be concluded that the concentration of CO, increases 
along with the increase of O./C molar ratio, while CO, 


CH,;, H, and heat value decrease. The increase of O/C 
molar ratio favors the exothermic reactions of R1 and CO 
oxidation reaction of R3, leading to the decrease of CO 
and increase of CO,. Moreover, the increase of O2/C mo- 
lar ratio may also lead a small part of H and CH; to be 
oxidized in the system according to reactions of R4, R5 
and R6. These adverse effects predominate the system as 
the rise of O/C molar ratio, leading to a lower heat value 
for fuel gas. Particularly, a rapid heat value decrease from 
3.35 MJ/Nm? to 1.92 MJ/Nm? is observed when the O/C 
molar ratio increases from 0.39 to 0.78 mol/mol. The gas 
heat value (Qeas,nes) is calculated by the following equation: 
Oeas.net = YH, x 10.79 + ¥co x 12.64 + 
yeu, * 35.90 (MJ/Nm’) (1) 
Yu» Yco and yoy, are the volumetric percentages of H3, 
CO and CH, respectively in the fuel gas. 
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Fig. 2 Temperature profile of the CFB riser with different 
O,/C molar ratio. 


Table3 Main reactions that may occur in the system!'* *!! 
Nos. Reaction AHəs(kJ/mol) 
RI C+0:—>C0O; -394 
R2 C+0.50:—2CO -111 
R3 CO+0.50:>C0, -283 
R4 H2+0.502>H20 -242 
R5 CH4+1.502CO+2H20 -519 
R6 CH,+202>C0O:+2H20 -802 
R7 C+CO:=2CO +172 
R8 C+H20CO+H; +131 
R9 CO+H:20+>CO:+H2 -41 
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Fig. 3 Gas composition and heat value under different O./C 


molar ratio. 


The results presented in Fig.3 agree fairly well with 
literature reported by Chen et al.''®!, even when different 
systems and feedstocks were studied. Briefly, coal gasi- 
fication carried out in an atmospheric fluidized bed also 
showed that CO, CHy, H; and heat value clearly de- 
creased when O/C molar ratio increased, which was 
explained by enhanced combustion reactions of coal and 
volatile matter”. These authors also observed an in- 
crease in H with the increase of bed temperature, while 
decrease in CO, CH; and heat value, which could be due 
to the water-gas shift reaction and combustion of carbon 
or volatile at higher bed temperature. However, the re- 
sults obtained either by Liu et al.!! who studied coal 
gasification in a CFB gasifier with air as gasifying agent, 
or by Pinto et al.” who studied co-gasification of coal 
and wastes in a fluidized bed gasifier with air/steam as 
gasifying agents, showed that there was an apparent op- 
timum region for gas composition and heat value, though 
the optimal ratio may be different. The different varying 
trend of Fig.3 with literatures!'* *°! mainly due to differ- 
ences in the system studied and also in equipment and 
operating variables. 

Fig.4 displays carbon conversion and cold gas effi- 
ciency versus the O,/C molar ratio. The carbon conver- 
sion (Xc) and cold gas efficiency (gas) are described as 
below: 

Xc = (Fair * 19% yy: Yo!22.4 x (Vout Ycot Yco)% X 12)/ 

(Wax C%) x 100% (2) 

Ngas™(E air * 79%/ yu% *~ Ovas,net)!( WX Qad ner) (3) 

Fr is the air flow rate (Nm°/h), VCO, YCH» VCO» and yy; 
are the volumetric percentages of CO, CH4, CO, and N2 
respectively in fuel gas, W, is the coal feeding rate (kg/h), 
and C, is the mass percentage of carbon in coal ultimate 
analysis. Qaqner 1s the net calorific value of coal (MJ/kg). 

As shown in Fig. 4, the carbon conversion conti- 
nuously increases from 57.65% to 91.92% with the in- 
crease of O./C molar ratio from 0.39 to 0.78 mol/mol. An 
increase of O,/C molar ratio permits combustion and 
gasification reactions to occur, but mainly the former one. 


At the fixed flow rate of air, the rise of O/C molar ratio 
means less coal will react with oxygen, which enabled 
conversion of more carbon to the gaseous products 
through reactions of R1 and R2. In Fig.4 it can be ob- 
served that the cold gas efficiency changes non-mono- 
tonously and there is an apparent maximum region for 
O/C molar ratio at about 0.64 mol/mol, which can be 
explained by changes in the gas composition and heat 
value. 
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Fig. 4 Carbon conversion and cold gas efficiency under dif- 
ferent O,/C molar ratio. 


Sulphur Transformation Performance 


During gasification process, some sulphur will release 
to gas phase. Fig.5(a) shows the H2S concentration ob- 
tained for different O,/C molar ratio. The sulphur release 
ratio (Sgqs,), and its distribution between H2S and other 
gas forms, referred as Sas ms aNd Sgas,other forms, Tespective- 
ly, are also presented. These parameters are described by 
the following expressions: 


Seas,t = W. x S% = W char x Senar o E Wash x Sash⁄o) / 
(W.* S.%) x 100% (4) 
Spas H2S = (Fair x 79% /yn2% x gas,H2S x 10°) / 
(W.xS.%) x 100% (5) 
Sgas,other forms 7 Sgas,t = Seas,H28 (6) 


Where Se, Senar and Sys, are the mass percentages of 
total sulfur in coal, bottom char and fly ash, respectively. 
Wena iS the mass of bottom char recovered for a specific 
experiment (kg/h). W,,, is the mass of fly ash (kg/h), 
which is calculated by ash balance. Cgas,:n5 is the concen- 
tration of H2S in flue gas (mg/Nm’). 

As exhibited in Fig.5(a) and Fig.5(b), it should be 
noted that the increase of O/C molar ratio can lead to an 
increase of H2S formation, and also lead to an increase of 
sulphur release ratio either in form of H,S or in other gas 
forms. Clearly, when O,/C molar ratio increases from 
0.39 to 0.78 mol/mol, the concentration of H.S increases 
from 255 to 300 mg/Nm’, and the sulphur release ratio 
increases from 29.66% to 63.11%. For each O,/C molar 
ratio, more than 70% of the released sulphur is in form of 
H,S. That means H,S is the main form of the released 


sulphur, and this result is in agreement with others [14,22] 


It is expected that the higher O,/C molar ratio might have 
favored char combustion and gasification reactions, thus 
leading to the release of higher sulphur contents and to 
the formation of sulphur oxides, such as SO). Actually, as 
shown in Fig.5(b), the increase amount of H,S is lower 
than that of the other gas forms. However, due to the re- 
ducing conditions, the released sulphur happens mainly 
as H3S for the experiments carried out in this study. Coal 
gasification done by Sciazko et al.'”*! in a fluidized bed 
gasifier showed that sulphur oxides were present in gas 
product, and the rise of air/coal molar ratio promoted the 
formation of H,S. HS is the precursor of all sulphur 
pollutants ’7!, A more detailed explanation of the forma- 
tion of H2S and other sulphur gas forms would be dis- 
cussed in section of possible mechanism for sulphur 
transformation. 

The above results indicate that increasing O/C molar 
ratio can enhance the release of sulphur, which are cohe- 
rent with those reported by others, even if different fuels 
and gasifier were studied !”'°'***!_ However, the specif- 
ic sulphur release ratio and H,S concentration may be 
different, that could be explained by different operating 
conditions, mineral matter compositions or additives. 
Pinto et al.”! reported that increasing the gasification 
temperature from 850°C to 900°C led to an increase in 
H3S formation of about 15%. Najjar et al.'*! stated that 
sulphur release ratio decreased significantly when iron 
compounds were added to coal ash, due to the formation 
of a new major oxysulphide phase in addition to the sili- 
cate one. Sciazko et al.'”*! showed that about 60% of the 
total sulphur released into the gas phase, and the higher 
sulphur release ratio could be attributed to different min- 
eral matter composition. 

In addition to sulphur release into gas phase, there are 
also some sulphur may be retained in gasification resi- 
duals. The sulphur contents and forms of raw coal and 
gasification residuals were analyzed by classical wet 
chemical method. As illustrated in Fig. 6(a), the sulphur 
contents are enriched at larger O/C molar ratio both for 
bottom char and for fly ash, indicating the dependence of 
sulphur transformation upon the gasification progress. 
The reason will be described later by investigating the 
changes of surface sulphur forms. Fig. 6(b) shows sul- 
phur distribution among different forms under parity ash 
content. Organic sulphur is the main form in raw coal, 
which accounts for 55% of the total sulphur in coal. 
Whereas sulfide sulphur and sulphates sulphur are rela- 
tive less, with percentages of 37.5% and 7.50%, respec- 
tively. When O,/C ratio is set at 0.42 mol/mol, the organ- 
ic sulphur dramatically increases to 80.80%, but the sul- 
fide sulphur significantly decrease to 1.33%, which can 
be interpreted by the decomposition of sulfide sulphur 
and the conversion of sulphur compounds present in coal. 


Further increasing the O/C ratio to 0.78 mol/mol, the 
organic sulphur and sulfide sulphur decrease obviously, 
but the increase of sulphates sulphur is remarkable, sug- 
gesting more stable sulphur species may formed at larger 
O,/C molar ratio during CFB gasification. 
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Fig. 5 Effects of O,/C molar ratio on H2S concentration and 
sulphur release properties. 
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ferent forms under parity ash content. (A) Shenmu 
coal, (B) fly ash and (C) bottom char with O,/C ratio 
of 0.42 mol/mol, (D) fly ash and (E) bottom char with 
O,/C ratio of 0.78 mol/mol. 


XPS measurements were used to examine the func- 
tional forms of the sulfur present in raw coal and gasifi- 
cation residuals. S 2p peaks at 162.5, 163.3+40.3, 164.1, 
165.1+0.3, 167.940.4 and 169.5 eV are interpreted as 
pyrite, alkyl sulphides, thiophene, sulphoxides, sulphones 
and sulphates, according to literature results °° *°!, Fig.7 
compares the spectral lines of raw coal and gasification 
residuals with O,/C molar ratio of 0.78 mol/mol. We can 


see that, the functional forms of sulphur in raw coal are 
mainly in pyrite and organic sulphur (alkyl sulphides, 
thiophene, sulphoxides and sulphones). The signal attri- 
butable to sulphates is very weak probably due to its low 
content in coal, which can be confirmed by the chemical 
analysis result as shown in Fig. 6(a). Compared with raw 
coal, the signals of thiophene, sulphoxides and sulphates 
for fly ash and bottom char increased obviously, indicat- 
ing the surface enrichment of sulphur after gasification 
process. Actually, gasification leads to the decrease of 
carbon, and thus the apparent increase of sulphur intensi- 
ties may be caused either by the transformation of sul- 
phur or by the decrease of carbon content P”. It should 
be emphasized that there is no signals attributable to al- 
kyl sulphides for fly ash and bottom char, mainly due to 
the dealkylation of coal during gasification progress. In 
addition, there is no signals assigned for sulphones for fly 
ash and bottom char, probably for their release or con- 
version to other forms. 

As shown in Fig. 7, It is worth mentioning that the in- 
tensity of pyrite declines for fly ash and almost disap- 
pears for bottom char. However, the intensity of sulphates 
increase significantly both for fly ash and for bottom char, 
and the change is more obvious for bottom char. The op- 
posite varying trends for pyrite and sulphates obtained by 
XPS measurements are similar with the chemical analy- 
sis results as shown in Fig. 6(b). During CFB gasification 
process, bigger char particles circulate in the CFB system 
and have longer residence time for further reaction, which 
favors the release of sulphur species and can enhance the 
retained sulphur transforming to more stable forms. 
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Fig. 7 S 2p peaks for (a) Shenmu coal, (b) fly ash and (c) 
bottom char with O,/C molar ratio of 0.78 mol/mol. 


Possible Mechanism for Sulphur Transformation 
The results described above strongly suggest that sul- 


phur in coal, comprising the inorganic and organic func- 
tionalities, evolved significantly during gasification 
process. Compared with raw coal, the decreased percen- 
tages of pyrite sulphur for gasification residuals as shown 
in Fig. 6(b), and the decreased signals for pyrite as shown 
in Fig. 7 could be attributed to the decomposition of py- 
rite itself and chemical reactions with other components. 
The reaction mechanisms are given in Eqs. (7) - (9) $79. 


FeS,  FeS + S (T > 500°C) (7) 
FeS, + H, > FeS + HS (8) 
FeS, + CO > FeS + COS (9) 


Under gasification conditions, pyrite can decompose 
according to Eq. (7), or react directly with H) or CO in 
fuel gas according to Eq. (8) - (9), and either of them can 
decrease the amount of pyrite in coal. Moreover, FeS as 
the decomposition product of pyrite can also react with 
H, CO or H20 in fuel gas as given in Eqs. (10) - (12) $8, 
which can inversely enhance the decomposition of pyrite 
and correspondingly decrease the amount of pyrite. 


FeS + H, > Fe + HS (10) 
FeS + CO > Fe + COS (11) 
FeS + H,O © FeO + H3S (T>800°C) (12) 


As shown in Fig.5(a), H,S is the main form of sulphur 
in gas phase, and other gas forms may also be formed 
during gasification process. HS is the precursor of all 
sulphur pollutants, which could be formed by Eqs. (8), 
(10) and (12) **!, As fuel gas has a certain residence 
time in gasifier, some of the initial formed H.S might 
have been retained or destroyed afterwards ”!. On one 
hand, some of the initial formed H,S may react with 
mineral matter in coal ash, especially calcium or iron, to 
form metal sulphide according to Eq. (13) and retain in- 
side the gasifier P”. On the other hand, COS can be 
formed by reaction of CO, with H,S as shown in Eq. (14), 
or by reaction of CO with H2S as shown in Eq. (15). The 
kinetics of these reactions are slow, and shifts would lead 
to a general increase of HS. Nevertheless, Blasing et al. 
land Yan et al. P”! emphasized that the release of COS 
and HS occurs simultaneously during gasification 
process. Moreover, H,S might react with H,O or CO, by 
Eq. (16) or (17) to form SO;, as reported by Nichols et 
ae") 


MO + HS > H,O + MS (13) 
H,S + CO, œ H,O + COS (14) 
HS + CO e H, + COS (15) 
H:S + H-O © 3H, + SO, (16) 


H:S + H) + CO, + CH, + SO, (17) 
Additionally to the direct formation of H,S and COS 
as mentioned above, *SH radical can be released during 
the thermal conversion of organic bond sulphur and can 
further undergo several secondary reactions with the re- 
maining char to form H2S, COS and sulphur containing 
structures in the char '**°!, Actually, the enhanced inten- 
sities of more stable sulphur in gasification residual as 


illustrated in Fig. 7 can be interpreted by the transforma- 
tion of sulphur compounds present in coal and by sec- 
ondary reactions. In addition, some active sulphur can 
react readily with inorganic impurities to form stable 
sulphur forms and retain in gasification residuals ?* ** 31, 

Figs. 2-6 indicate clearly that O,/C molar ratio is an 
important factor to influence the gasification perfor- 
mance and sulphur transformation. The higher carbon 
conversion and higher sulphur release ratio correspond to 
those obtained with higher O,/C molar ratio. The results 
obtained in this work are in relatively satisfactory agree- 
ment with the literature results taking into account dif- 
ferent feedstocks and gasifier were used !'°!. 

From the perspectives of a CFB gasification commer- 
cial application as well as environmental protection, it is 
essential to achieve higher carbon conversion with toler- 
able sulphur content in fuel gas. In general, sulphur can 
be effectively removed by moderate temperature gasifi- 
cation, suggesting a viable solution for removal of sul- 
phur during gasification process to avoid or alleviate the 
sulphur problems. Considering the long residence of coal 
particles in CFB gasifier and the tunable gasifier geome- 
try, the CFB gasifier might be the optimal reactor. 


Conclusions 


In this study, the influence of O2/C molar ratio on ga- 
sification performance and sulphur transformation was 
investigated in a lab-scale CFB gasifier with Shenmu 
coal as feedstock. The following conclusions can be ob- 
tained: 

Increasing the O,/C molar ratio from 0.39 to 0.78 
mol/mol can continuously increase carbon conversion 
from 57.65% to 91.92% and increase sulphur release 
ratio from 29.66% to 63.11%, while decrease the gas heat 
value from 3.35 to 1.92 MJ/Nm’. There is an apparent 
optimum region for cold gas efficiency at O./C molar 
ratio of about 0.64 mol/mol. 

Sulphur evolved significantly during gasification 
process. When O,/C molar ratio increases from 0.39 to 
0.78 mol/mol, the concentration of H2S increases from 
255 to 300 mg/Nm’, and the sulphur release ratio either 
in form of HS and in other gas forms increase obviously. 
Due to the reducing conditions of coal gasification, H2S 
is the main form of the released sulphur, which could be 
formed by decomposition of pyrite and by secondary 
reactions. 

Bottom char shows lower sulphur content than fly ash, 
and mainly exist as sulphates sulphur. XPS measure- 
ments show that the intensity of pyrite declines and the 
intensity of sulphates increases significantly both for fly 
ash and for bottom char, and the change is more obvious 
for bottom char. During CFB gasification process, bigger 
char particles circulate in the system and have longer 


residence time for further reaction, which favors the re- 
lease of sulphur species and can enhance the retained 
sulphur transforming to more stable forms. 
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